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A B S T R A C T
This paper, based on two case studies, presents an interpretative research on the processes used by high
school students to internalize the assessment criteria of Physics and Chemistry inquiry reports. Findings
support that understanding the assessment criteria is complex, mainly because of its terminology.
However the discussion of exemplars can have a crucial role in this process. In order to operationalize the
assessment criteria, students used strategies stemming from the social context (teacher, peers and other
didactic sources) as well as from their individual experience (errors made, engagement in critical
thinking and the creation of a favorable environment). However it also showed that some differences in
operationalizing the assessment criteria were related to different students’ proﬁle. The results point to a
multi-strategy pedagogical approach to enhance students’ internalization of assessment criteria.
Nevertheless reducing the tension between teachers’ expectations and students’ own standards of
quality showed to be a complex process.
ã 2016 Elsevier Ltd. All rights reserved.
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Modern societies require individuals, and therefore students in
particular, to be able to continuously acquire new knowledge and
competences. It is very unlikely that students succeed unless they
reﬂect on themselves, on what and how they are doing (Dann,
2002). Thus, students need to have an active and constructive role
in the learning process (Nunziati, 1990; Zimmerman, 2002). In this
sense, self-regulation is an essential competence because it
includes “the mechanisms of orientation, control, and adjustment
of the cognitive, affective and social activities that promote the
transformation of students’ competencies” (Allal, 2007, p. 9). The
assessment criteria play a crucial role in this process because they
can guide students to achieve the objectives of a task (Nunziati,
1990).
However, each individual establishes his/her own standards,
criteria or self-representations, so it is essential to use a
pedagogical approach that fosters the internalization of assess-
ment criteria, as suggested by Andrade and Du (2007), Santos and
Gomes (2006) and Semana and Santos (2010). According to
Vygotsky (1934/1978), the internalization of the assessment* Corresponding author.
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0191-491X/ã 2016 Elsevier Ltd. All rights reserved.criteria means that students integrate them in their own
knowledge. In other words, it implies that they: i) interpret the
criteria, understand their meaning, reach a common understand-
ing and appropriate the teacher’s expectations (Vial, 2012), and ii)
operationalize the criteria, in other words putting them into
practice, because “criteria assume meaning only when used”
(Woolf, 2004, p. 488).
In this article we assume that understanding an assessment
criterion presupposes that the student gives the proper meaning to
all the content of the criterion statement (matching the teacher’s
interpretation) and can explain it in his/her own words.
Operationalization of a criterion means that students use it in
speciﬁc situations.
According to several studies (e.g. Kirby & Downs, 2007; Rust,
Price, & O’Donovan, 2003; Tillema, 2014), informing students
about their assessment criteria is usually insufﬁcient for internali-
zation to occur. In fact, the internalization is a complex process
(Andrade & Du, 2007; Clark, 2012). For this reason, and according
to several studies (e.g. Tierney, 2013), the internalization process
needs to be deeply investigated. The present paper aims to ﬁll a gap
in studies focusing on this process. The research was undertaken in
order to understand how high school students internalize
assessment criteria. It was guided by the following research
questions:
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criteria of Physics and Chemistry inquiry reports?
2. Which strategies do students use to support the operational-
ization of assessment criteria when they develop Physics and
Chemistry inquiry reports?
3. What is the role of the pedagogical approach in the internaliza-
tion of the assessment criteria?
2. Conceptual framework
Self-regulation can be deﬁned as “a multilevel, multicompo-
nent process that targets affect, cognitions, and actions, as well as
features of the environment for modulation in the service of one’s
goals” (Boekaerts, Maes, & Karoly, 2005, p. 150). Therefore, it
assumes that students are actively involved in the learning process.
According to the model proposed by Zimmerman (2002), self-
regulation includes three phases: the forethought (where students
deﬁne speciﬁc goals and plan strategies), the performance (where
students monitor their performance) and the self-reﬂection phase
(where students reﬂect on the methods, knowledge acquired and
the importance of the process they used to achieve the goals).
Self-regulation fosters an awareness of when and how students
learn, or not (Black, Harrison, Lee, Marshall, & Wiliam, 2002;
Swafﬁeld, 2011). It implies they construct their own learning path
also through the understanding of assessment criteria, self-
assessment and self-correction (Nunziati, 1990). This is essential
for understanding how successful their work was, as well as for
identifying and correcting their mistakes and errors (Dann, 2002;
Papaleoutiou-Louca, 2003; Zimmerman, 2002). But for this to
happen, it is necessary to make explicit what usually is implicit,
promoting the understanding of assessment criteria.
Assessment criteria are representations of various aspects of
the task (Nunziati, 1990); therefore its signiﬁcance must be
interpreted so that students understand what is actually requested
(Vial, 2012). This process can occur unilaterally or bilaterally, with
the teacher either informing or negotiating assessment criteria
with students, respectively. In fact, the usefulness of the
assessment criteria depends not only on their understanding,
but also on the degree of their acceptance (Hadji, 1989). It is crucial
that, from the point of view of the students, they make sense, that
is, they must be accepted as important and legitimate. So, the
bilateral process has the advantage that responsibility in the
assessment process is shared with the students (Gipps, 1999). As
such, an open and constructive dialog between teacher and
students can help them to understand and consider the task
requirements (Woolf, 2004).
Although assessment criteria often refer to students’ tasks, they
are abstract (e.g. rigor, clarity), thus it is essential that students are
aware about the qualities their work should have. A useful way of
doing this is by using rubrics (Brookhart, 2013). These are
documents that demonstrate the characteristics that are expected
from a particular task, indicating what leads to a high mark and
describing levels of quality, for example from excellent to poor
(Andrade, 2000). Rubrics can be analytical, when the performance
is described on each criterion separately, or holistic, if the criteria
are treated together. They also can be generic when a general
performance is described and in this way they can be used with a
family of similar tasks or be task-speciﬁc if the description of the
performance is speciﬁc to a single task. According to Brookhart
(2013), using analytic rubrics is more advantageous for formative
assessment because it can help students to identify what aspects of
their work need attention. The highest level, which indicates the
characteristics of an excellent work, makes students to engage in a
process of constructive learning based on self-regulation (Hafner &
Hafner, 2003).As several studies point out (Andrade, 2001; Green & Bowser,
2006; Santos & Semana, 2015), it is necessary to explore rubrics
with students in order to reach a shared understanding. A clear
explanation of what is expected helps students to understand the
more unclear or less obvious items (which would otherwise be
ignored), and overcome the vague, imprecise and subjective parts
of some indicators. In the case of more abstract criteria, it is useful
to give concrete examples for discussion, such as previous
assignments of the students or other students’ assignments, as
suggested by Andrade, Du, and Mycek (2010), as well as by Hendry,
Armstrong, and Bromberger (2012). Sometimes students need to
see how assessment criteria can be applied. This is a useful way to
help them understand and operationalize those criteria, or in other
words, to internalize them. However, it is important to dissuade
students from using mechanistic strategies or thinking that these
examples are standard (Norton, 2004).
Feedback can also be used to promote the understanding of the
assessment criteria because ambiguities and misunderstandings
may be diminished through this process (Taras, 2003). According
to Nicol and Macfarlane-Dick (2006) and Nicol (2010), feedback,
understood as a dialog process, may: i) help clarify what
constitutes a good performance, which is crucial for students to
set goals and guide them in the process of self-regulation; ii)
encourage students to identify the criteria and standards that
apply to their work and make judgments based on such standards;
iii) give high quality information to students about their learning.
This information should help them improve their own perfor-
mance and correct possible mistakes. It should lead students to act
so that discrepancy between intentions and results is diminished
(Black, Harrison, Lee, Marshall, & Wiliam, 2003). In this way
feedback can also foster students’ operationalization of the
assessment criteria. Therefore, it must be strictly related to the
objectives, standards and criteria and students have to understand
this relationship (Wharton, 2003).
Feedback also gives students the opportunity to engage in other
ways of looking at the task, so that other paths can be considered
(Taras, 2001). However, in the long run, the amount and detail of
feedback should be minimized in order to promote an autonomous
learning and the development of skills that enable the students to
analyze their work independently (Black & Wiliam, 1998; Crisp,
2012; Santos & Pinto, 2009; Swafﬁeld, 2011).
The dialog between peers can also be beneﬁcial for the
internalization of assessment criteria to occur (Price, Handley,
Millar, & den Outer, 2007) since the language used by peers is
easier to understand and the contact with other points of view and
alternative strategies help students to review and build new
apprenticeships (Black et al., 2003).
Previous studies considered the potential of enhancing the
internalization of assessment criteria for increasing learning
capacity. Students can identify more effectively the strengths
and weaknesses of their processes and products, have better
performances, be more motivated and less anxious and develop
skills inherent to self-regulated learning (Andrade & Du, 2007;
Dann, 2002; Rust et al., 2003).
3. Methodology
This study examines the processes used in the development of
inquiry reports guided by assessment criteria. Therefore, and
taking into account that the research questions are designed to
address the understanding of the process of internalization of
those criteria, we have chosen an interpretive paradigm (Lichtman,
2006). A qualitative case study was designed for this investigation.
According to Merriam (1988), the qualitative case study ‘is the
ideal design for understanding and interpreting observations of
educational phenomena’ (p. 2). As a result, it was possible to
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criteria of Physics and Chemistry inquiry reports.
3.1. Participants
The study took place in a school in Portugal, and involved one
class of Chemistry and Physics, over two school years. In the ﬁrst
year, the ﬁrst author of this paper was the teacher of the class, and
in the second year, another teacher took over but worked closely
with the ﬁrst one on the pedagogical intervention developed in the
study. These teachers had respectively six and twenty years of
professional experience and both were familiar with the use of
inquiry tasks in the classrooms, but had a limited experience in
using pedagogical approaches to promote the internalization of
assessment criteria. The students (15/16-years-old) were informed
about the nature and objectives of the study. Consents were
obtained from all students and their parents. Two students were
selected for case studies: Sara and Gustavo (participants were
given ﬁctitious names to ensure conﬁdentiality and anonymity).
These particular students were chosen because, while they had a
good ability to express themselves, they had difﬁculty in reﬂecting
about their own work. In addition, they were of different gender,
performance level (between average and good) and they were
available to be interviewed.
3.2. Pedagogical context
Four inquiry tasks were implemented over the 10th and 11th
grades of the same class (from November 2008 to January 2010). As
preconized in the National Science Education Standards (National
Research Council, 1996), these tasks involved making observations,
examining sources of information to see what is already known,
planning investigations, using tools to gather, analyze and
interpret data, proposing answers, explanations and predictions,
and communicating the results. These tasks can be classiﬁed as
guided inquiry activities (Bell, Smetana, & Binns, 2005) given that
the inquiry questions were introduced by the teacher but the
answers were given by students after designing a procedure and
analysing the collected data independently. The guidelines given to
students’ work in the third task is presented as an example
(Appendix A).
Writing requires students “to reﬂect, consolidate, elaborate,
reprocess concepts and ideas central to the topic, hypothesize,
interpret, synthesize, and persuade, and hence develop higher-
order thinking and the construction of a deeper understanding of
science concepts” (Yore, Bisanz, & Hand, 2003). Therefore, students
were requested to develop reports containing ﬁve sections:
introduction, planning, procedure, results and conclusions. Three
of the reports included the development of a second version
considering the written feedback provided by the teacher.
Students were also requested a written reﬂection about each
report that consisted in assigning a grade level to each section
considering the levels of the rubric (Appendix B) and giving a
justiﬁcation (pointing out its strengths and weaknesses).
Each inquiry task was developed in a 135 minutes lesson (1st
lesson). The reports and written reﬂections of the second and
fourth tasks were done during the next two 90 minutes lessons
(2nd and 3rd lessons) and the report of the third task as well as the
revision of the ﬁrst version of the report of the fourth task were
done in the school library after the schoolwork.
The pedagogical approach used in this study to promote the
internalization of assessment criteria included:
i) the discussion of the assessment criteria and the use of an
analytical rubric. Before the ﬁrst task, the teacher gave students
some guidelines about the structure of the report that included
some questions for each section, such as: “What conclusions didyou reached? Which were the limitations of the strategies you
used? Would you change the way you solved the problem? How?
And why?” Based on these guidelines, students were asked to
collaborate in the selection of the most relevant assessment
criteria, describing the characteristics of a quality report. Later on,
the teacher developed a rubric taking into account students’
suggestions. This was delivered to the students when they started
the ﬁrst task. As suggested by Grifﬁn (2009), some changes were
made after the teacher/researcher had analyzed the ﬁrst task
reports and the class discussion (in the light of the rubric) that
followed the delivery of the ﬁnal version (where students analyzed
the quality of their performance considering each assessment
criterion and made some suggestions about the content of the
rubric descriptors). This new rubric was used by students in the
next phases of the study (Appendix B).
ii) the written and oral feedback. Both types of feedback were
used in a constructive way. The comments, usually provided in the
form of questions or hints by the teacher, aimed to give student
information about their performance in relation to an assessment
criterion in order to help them to identify the cause of the gap
between the desired and the actual level, as well as to ﬁll that gap
and to understand how to successfully operationalize that
assessment criterion (Black & Wiliam, 1998).
iii) the discussion of an exemplar report. During the discussion of
the reports of the second task, an exemplar report was given to the
students, as suggested by several authors, like Andrade, Du, and
Mycek (2010). This exemplar report was the compilation of the
best parts of the reports done by the students of this class. It was
carefully analyzed with the students through an open dialog
between them and the teacher. Regarding each assessment
criterion, students were asked to: i) explain the meaning of some
words in the rubric, whenever it seemed necessary (e.g. synthetic),
and ii) do a reasoned judgment about the quality of its’
operationalization in the provided example.
iv) the dialog between peers. Only the ﬁrst task was developed
individually for the purpose of gathering data to select the case
studies (though interaction between the students was allowed).
The other tasks as well as the respective reports and written
reﬂections were done by groups of three or four students. These
groups composition changed from task to task and the selected
students, Sara and Gustavo, were always integrated into different
groups. The interaction between students was systematically
encouraged. The teacher generally gave feedback only when she
was asked to and after group discussion about that issue.
3.3. Collection of data
Observation, interview and documental analysis were used for
collecting data. Observations and interviews were both audio-
taped and later fully transcribed. The ﬁrst author made participant
observation (Cohen, Manion, & Morrison, 2000) during the lessons
in which students performed the tasks and developed the
respective reports and written reﬂections.
Semi-structured interviews (Burns, 2000) were carried out
with the two case-study participants after submission of the
last version of each report and at the end of the study. These
allowed students to reveal feelings, intentions, meanings and
thoughts about a topic or situation (Lichtman, 2006). The
questions sought to encourage the analysis of each section of
the report in order to understand the processes used for
internalizing the assessment criteria and the reasons behind the
less successful items.
Documents provide access to thoughts, ideas and meanings
expressed by their authors and may raise questions that can be
taken up in subsequent moments of data collection (Lichtman,
2006; Yin, 2002). In this study the collected documentation
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assignments reﬂect a more or less successful internalization of the
assessment criteria, so their analysis raised questions that guided
further data collection. Examples of student assignments, as well
as excerpts transcribed from their reports were translated from
Portuguese. The excerpts of the reports are identiﬁed by the letter
R followed by the number of the task and the number of the version
(V).
3.4. Data analysis
Data analysis was conducted in two phases. The ﬁrst, which was
developed during the data collection, raised issues to be
considered in subsequent data collection. The second, more
thorough and organized, occurred after the ﬁeldwork and aimed
to answer the research questions of the study. The method of
questioning and constant comparison (Strauss & Corbin, 1998) was
applied, using categories deﬁned both during the analysis process
and on the basis of the theoretical framework.
As stated before, the internalization of the assessment criteria
includes the understanding and the operationalization of the
criteria in a speciﬁc situation (Vial, 2012; Woolf, 2004). Thus, the
following categories were considered: i) understanding and ii)
strategies used in the operationalization of the assessment criteria.
Regarding the second category, some subcategories emerged from
the analysis: discussing with peers and asking for help, searching for
information, learning with the errors, critical interaction with
themselves and creating a favorable environment. The role of the
pedagogical approach to foster the internalization of the assess-
ment criteria was studied in a transversal way, focusing on the
discussion of the assessment criteria and the use of the rubric, the
feedback, the use of an exemplar report and the dialog between
peers.
4. Results
4.1. The case of Sara
Sara is a student with a good performance in the subject of
Physics and Chemistry. Her ﬁnal grade was fourteen out of
twenty1 on both 10th and 11th high school years. She is a
hardworking student, committed to achieve high marks, but she
often feels insecure about her performance. She often asked her
peers and teachers for help and sometimes she preferred not
performing the task rather than making mistakes: “I knew it more
or less, but I didn’t know if I was right, since I didn’t want to fail, I
didn’t write anything” (1st Interview). At the beginning of the
study, she had limited experience in carrying out inquiry tasks
and developing lab reports as well as assessing her own
assignments: “Usually teachers tell me what to do, help me
and now I have to think and do it by myself. That is why it was
difﬁcult” (1st Interview).
4.1.1. Understanding the assessment criteria
In Sara’s view, the initial discussion of the assessment criteria,
which lead to the establishment of the rubric, helped her to
understand what was required to do in each section of the report:
Researcher—We have discussed the assessment criteria of the
reports. Do you think this was helpful?
Sara—Yes, because, as it often happens, when I’m doing an
assignment, I’m not sure about what I need to include or not and
in this way I understood what I should or should not do. Yes, I1 In the Portuguese educational system grades range from 0 to 20, with 10 or
higher being a “positive” passing mark.think it helped. (1st Interview)
However, the evidence suggests that this initial discussion and
the reading of the rubric, by itself, did not promote the
understanding of some criteria, mainly those that included aspects
or expressions she was not familiar with and the criteria involving
the use of complex skills.
For example, one of the assessment criteria was “deﬁning clear
and synthetic objectives consistent with the task”. Initially, it
appears that Sara and her colleague were not able to give a proper
meaning to the word synthetic:
Student A—What is synthetic? Synthetically? Clear and simple,
isn’t it?
Sara—Yes, I think so. (2nd Task; 3rd Lesson)
However, the analysis of the exemplar report appears to have
promoted the understanding that the goals should be direct and
concise. This idea is based on, ﬁrstly, the fact that on the second
interview (which occurred after the discussion of the exemplar
report), Sara pointed out that the objectives were one of the
weaknesses of her report because they were not concise [sentences
1 and 2 below]; secondly, in the report of the third task (R3), she
was able to formulate a synthetic goal and in the subsequent
interview she described its characteristics [sentences 3 and 4]:
1. Sara—We should explain our goals explicitly and we were . . .
Basically, instead of saying the essential, we were verbose, let’s
say.
( . . . )
2. Sara—Then, with the report the teacher gave, which was an
example ( . . . ) I noticed that they went straight to the point
and didn’t ramble about. They just say what it is and this was
not quite what we have done. (2nd Interview)
3. Researcher—What is your understanding of a synthetic goal?
4. Sara—Not very long and not scattered throughout the text
( . . . ) said in a plainly way. (3nd Interview)
The objectives of this activity were to collect experimental data
to know what was the most effective way to cool lemonade. (R3)
Regarding the indication of alternative strategies to solve the
problem, Sara initially had some difﬁculty to understand what was
expected. So, during the ﬁrst task, the teacher gave her an example
that could be solved using different separation techniques
(something that was familiar to her because this subject had been
previously studied). But, the discussion in the classroom concern-
ing the different instruments that could be used to measure the
volume of sand seemed to have led Sara to consider that these
different options were different strategies to solve the problem. In
the report, she identiﬁed several instruments and presented
arguments to justify her choice: “To have a greater accuracy in the
results I chose to use a measuring cylinder because the beaker has a
low precision and the pipette is not suitable for measuring the
volume of sand (a solid) because it is used to measure the volume
of liquids” (R1_V2).
The evidence suggests that the discussion about the written
reports (when the second version was delivered to the students)
helped her to create a wider understanding of what an alternative
strategy is. During the interview, that occurred the day after this
class, Sara was able to criticize her assignment, identifying why
alternative strategies were missing and why she previously
thought they were present:
Sara—I didn’t wrote several strategies, I only wrote one ( . . . ) I
thought it was the instrument that we used to measure the
volume, thought it was the beaker, the pipette . . . and I did not
know that it was expected a really different strategy, then I
assessed myself with level 3, but it is not correct.
I. Bruno et al. / Studies in Educational Evaluation 51 (2016) 55–66 59Researcher—Okay, so here you’ve considered that presenting
several instruments to measure meant to present different
strategies, that’s why you assessed yourself with level 3.
Sara—And because I also explained why, I thought I was doing
ok. (1st Interview)
Another assessment criterion that was not initially understood
by Sara was the presentation of evidence to support the conclusions.
As the teacher drew attention to the importance of presenting facts
that support the conclusions [sentence 3], Sara suggested to take
this oral feedback into consideration, but she included the values of
the controlled variables [sentence 4], instead of the ﬁndings that
could justify her conclusions. Besides, the comment that was
written in the ﬁrst version of the report of the second task (“In
these conditions, how many molecules/atoms do you have? You
should always justify your conclusions based on your results”) was
not effective as well.
During the following interview, Sara revealed that she had not
previously understood this assessment criterion [sentences 10–13]
and could not ﬁnd it on the rubric as well [sentences 8 and 9]:
1. Researcher—So, if we are in the same conditions of pressure,
temperature and the volume remains constant . . .
2. Sara—It will always have the same number of atoms or
molecules.
( . . . )
3. Researcher—Exactly. And now you should justify that
conclusion presenting the ﬁndings of your experiment, your
simulation.
( . . . )
4. Sara—You have to insert the value of pressure because you
have to include your results.
5. Student A—Is that so?
6. Sara—Yes. (2nd Task; 1st Session)
7. Sara—We didn’t always include our ﬁndings. We did that
regarding some conclusions, but not all of them.
8. Researcher—But where can you ﬁnd this orientation in the
rubric?
( . . . )
9. Sara—It is not here [in the rubric]. It is about the conclusions,
but it is not written. It is not here, but I know that we need to
include it.
10. Researcher—So what does this mean: the conclusions are
explicitly based on evidence?
11. Sara—(silence). I think it is: I draw conclusions of what we
found with what really is . . . How can I say it? What we found
with the reality, in this case with Avogadro’s Law. If our results
were in line with the Avogadro’s Law.
12. Researcher—And what does this mean: that are explicitly
[emphasis on explicitly] based on evidence?
13. Sara—Well, I don’t know that. (2nd Interview)
In the third task, Sara explicitly referred to the ﬁndings to justify
the conclusions, thus supporting the fact that the discussion and
analysis of the exemplar report helped Sara to understand the
teacher’s expectations about this assessment criterion.
Finally, it was possible to realize that Sara did not understand
what was meant about explaining how the identiﬁed sources of error
affect the results. When asked about the presence of this item in the
report, Sara initially considered it was present [sentences 1—4]. But
then she considered that it was not present and that she had not
understood what was required [sentences 5–10]:
1. Researcher—Did you explain how your results were affected
by the errors you identiﬁed? How does the fact that the system
is not isolated affect your results?
2. Sara—Yes.
3. Researcher—Where did you explain that?4. Sara—It is here, for example . . .
( . . . )
5. Researcher—So, did you identify the errors and explain their
effects on the results?
6. Sara—No. ( . . . ) Because we explained the errors but we
didn’t explain how these errors would . . .
7. Researcher—Affect the results?
8. Sara—Yes
9. Researcher—So, basically you have not yet realized what this
means, is that it?
10. Sara—No, I guess I had not. (3th Interview)
4.1.2. Strategies used in the operationalization of the assessment
criteria
Sara usually started by reading the higher level of quality of the
rubric even though she did not seem to do an in-deep analysis of
the descriptors: “when I read it . . . sometimes I don’t pay much
attention to the more difﬁcult sentences. I don’t understand, and
then I pretend that it has already been done” (1st Interview).
After reading she used a number of strategies to operationalize
some of the assessment criteria, such as discussing ideas with peers
and asking for help. It seems that the interactions she established
with peers and the teacher not only aimed at overcoming
difﬁculties and identifying errors, but also as a form of validation:
Researcher—How did you overcome the difﬁculties that have
arisen?
Sara—First, I compared the results with my colleagues, asked
them how they were going to do. ( . . . ) Then they said what
they were going to write, and I tried to do my best. (1st
Interview)
Sara—Teacher, in the procedure, can we write: Firstly, secondly,
thirdly? (1stTask; 2ndSession)
Sara—We have to indicate a name for the table. ( . . . ) We can
write data record, right? Then you write: Table 1. ( . . . ) Ah,
what do we write? Ah, measurements made?
Student B—Wait, we just measured the mass and the
temperature. (3rd Task; 1st Session)
Sara—Don’t we have to indicate the values? What do you think?
( . . . ) We add ice in the measure of . . .
Student B—No, we add 53 g of ice. (3rd Task; 1st Session)
Sara—I think there is something wrong, I am sure. Is this okay
like this? (3rd Task; 1st Lesson)
The discussions and requests for assistance occurred in all
sections of the report, but they were more frequent during the data
analysis. Regarding this aspect, although the calculations usually
had been correctly done, the reasoning was not always under-
stood: “Now I know, but I didn’t realize this before, why we said
that the heat . . . ah, why we equal ( . . . ) I couldn’t understand it
well” (3th Interview).
In order to produce a more complete assignment and overcome
difﬁculties, Sara also searched for information on the web, the
school textbook, the former reports and the exemplar report.
Usually, she incorporated the information almost verbatim (in
particular with regard to the deﬁnitions):
Sara—We used the Internet to see the deﬁnition. We didn’t want
to write what we knew otherwise it would be poorly explained,
but then when we tried to ﬁt it . . .
Researcher—What deﬁnition did you search on the Internet?
Sara—The volume, the molar volume. Then, when we tried to
add this, I think it ended up with some repetitions. But, then, if
we had changed it, it would become even worse. (2nd
Interview)
The fear of making mistakes and not being rigorous, as well as
the lack of conﬁdence in herself seems to have been one of the
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Internet: ““I think this part is very well done while this other one is
not so good because we wrote our own thoughts on the paper. But
it was not the same case here, we searched for and inserted the
information ( . . . ) The way we express ourselves is not good at all”
(2nd Interview); ii) transcribed the beginning of some sentences of
the former reports: “We saw what we had written, how we had
begun sentences” (2nd Interview); iii) used the structure of the
procedure of the exemplar report, despite the procedure they had
previously done also being correct: “We did [the procedure] in
topics, but then as that exemplar report was done as a narrative, we
thought it was more organized and decided to do the same. So we
just had to switch to the narrative format” (3th Interview).
However, regarding the drawing of the experimental setup, the
exemplar report was not used in a mechanistic way and seems to
have been crucial for the operationalization of this criterion. In
spite of the fact that the teacher had already acted to promote the
internalization of this criterion, she was only able to operationalize
it with the support of the exemplar report:
Including a diagram of the simulation could help us compre-
hend the procedure, don’t you think? (written feedback in the
ﬁrst version of the second task’s report)
Sara—Yes, I think that a diagram would have helped ( . . . ) We
didn’t think that we could do it as Luisa did [referring to the
exemplar report] ( . . . ) And, because we were not able to do it
as it should be done, it would be an invention, we preferred not
to make a diagram. (2nd Interview)
While doing the report of the third task, Sara told her
colleagues: “Look, we should do it [the diagram] the way it is
here [the exemplar report]. I think it is very well done” (3rd Task;
1st Session) and then she managed to develop an adequate
diagram (Fig. 1).
Learning with the errors was another way for Sara to operation-
alize the assessment criteria more successfully over time. In the
second task, attention has been drawn (through oral feedback) for
not rounding numbers when making calculations. From that
moment on, she became careful about the accuracy of the data
analysis, being aware of the reasons for this procedure:
Student B—Are you going to introduce all digits?
Sara—I will, otherwise we would have inaccurate results. (3rd
Task; 1st Lesson)
Furthermore, concerning the scientiﬁc terminology, Sara did
not repeat some of the mistakes on subsequent reports. For
instance, instead of using incorrectly the word weight (pointed out
by written feedback on the 1st report: “Does the scale measures
weight?”) she started to use the word mass. Her speech supports
the idea that she tried to take into account the feedback provided in
the former reports:Fig. 1. Drawing of the experimental setup (R3).Researcher—Were there some aspects that you paid more
attention to in the report of this task because of the report you
had done previously?
Sara—Yes, I remembered that I had not put the title on the
tables. This was the ﬁrst thing I remembered: to put the title on
the tables. (2nd Interview)
Identifying the less successful aspects in the previous reports
(through the feedback and supplemented with the discussion and
analysis of them) also seems to have contributed to an improve-
ment in the integration of concepts in the theoretical framework.
For example, in the report of the fourth task, the concepts were
explained in a more abstract way and did not constitute a direct
description and explanation of the physical phenomena that
occurred in practice. Expressions like “we have to calculate . . . " or
“we multiply this value by . . . " no longer existed.
With regard to the planning, there was an improvement in the
description of the calculations that would have to be made in order
to answer the problem—it became clearer and more correct. For
example, in the second task, Sara often wrote that they linked the
variable x with y, but usually it was not explained how these
variables were linked: “Explaining what we calculate is more
difﬁcult. ( . . . ) We were not able to explain what we had done.”
(2nd Interview). But in the two last reports, Sara included, in the
description, the mathematical expressions, which facilitated its
comprehension.
With respect to the conclusions, the sources of errors that were
identiﬁed became more speciﬁc over time. While, in the report of
the ﬁrst task, Sara only wrote that accidental errors occurred, in the
following reports the sources of errors became more speciﬁc to the
task and more detailed:
The largest temperature difference occurred in the ice
experiment because more errors were committed. One of them
is related with the fusion of the ice. Since the outside
temperature is higher than the ice temperature (so the ice
melts quickly) and we took some time to add the thermometer
in the beaker and to measure the temperature, we have made an
error. We also made other errors, such as measurements with
the scale since a few drops of water may have been out of the
beaker . . . (R3)
Lastly, it is important to add that sometimes taking into account
the errors made previously was not enough. This strategy had to be
complemented with others, e.g. discussing with peers. This was
clear when Sara knew what to do (which aspects she should
improve comparatively with previous reports), but did not know
how to do it, as documented in the following:
Another problem was the titles of the tables. We never knew
what we should write. (2nd Interview)
What will be the name of this table? (3rd Task; 3rd Lesson)
Another strategy used was the critical interaction with herself.
Sara made suggestions to improve the completeness and accuracy
of the assignments very often. She used to propose several ways to
develop the work or to express her ideas until she got one that she
liked:
When we add ice to the lemonade it will give energy in the form
of heat for a state change to happen, resulting in ice melting.
This is all the change in enthalpy. No, only here, state change,
occurs ice melting. Here we put enthalpy, change of enthalpy.
(3rd Task; 2nd Lesson)
However Sara rarely adopted a critical attitude about the
teacher’s suggestions, even when these opposed her standards of
quality. In the report of the fourth task, a written comment was
made suggesting the aggregation of two tables: “Why don’t you
include these measures, which are also direct ones, in the table
Fig. 2. Drawing of the experimental setup (R2_V1).
Fig. 3. Drawing of the experimental setup (R4_V1).
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version, only one table was presented to record the data, but Sara
considered that this aggregation had worsened the organization of
this section:
Sara—[after reading the written feedback] It is perfect the way it
is!!! (4th Task; 1st Session)
Sara—We thought that it was better this way, with two tables.
( . . . )
Researcher—So, you didn’t agree with the comment, but you did
it because the teacher wanted it!
Sara—Yeah, because the teacher wanted it, exactly. Because we
thought we would be much . . . it would not be very well
organized. The things would be on top of each other and then it
would be more difﬁcult to build the table. It wouldn’t be as
perfect as it was with two [separate tables]. ( . . . ) In our view it
could be worse, but in the opinion of the teacher it could be
better. (4th Interview)
Furthermore, Sara sought to create a favorable environment for
the development of the report, suggesting doing some sections on
an environment that allowed her to be more focused:
We should write all that we are saying, what we know, but it’s
complicated. Don’t you want to go ahead to do something easier
[instead of doing the theoretical framework]? We aren’t very
concentrated right now. (3rd Task; 2nd Lesson)
4.2. The case of Gustavo
Gustavo is a student with an average performance in the subject
of Physics and Chemistry. His ﬁnal grade was twelve and eleven out
of twenty in years 10 and 11 of the high school curriculum,
respectively. He is involved in several extracurricular activities and
manages to get satisfactory results. He is conﬁdent in his abilities
and reveals critical sense. At the beginning of the study, he had a
limited experience in carrying out inquiry tasks and developing lab
reports as well as assessing his own assignments: “I am not used to
do these experiments ( . . . ) Now, I have learned to develop a well
done report, which I didn’t know how to do” (1st Interview).
4.2.1. Understanding the assessment criteria
Gustavo had considered the initial discussion about the
assessment criteria beneﬁcial, because it were the students who
talked about what should be accomplished in order to develop a
high quality work: “I think it was advantageous because we tried to
present all the steps that needed to be done so, this way, it would
be easier to make the report because we had already stated the
steps previously” (1st Interview). However, he pointed out that the
use of certain words in the rubric, such as “adequate” may not be
enlightening if the student does not know its meaning in the
context of the task. For instance, what is a suitable diagram to
illustrate the procedure used to solve the problem: “On the last
level it says: It includes an adequate diagram, but how do we know
that . . . ahh, what is an adequate diagram? I do not know, maybe
it could be a little bit more explicit” (3rd Interview). As Gustavo did
not understand what was expected, he did not include the drawing
of the experimental setup in the report of the ﬁrst task.
In the ﬁrst version of the report of the second task, it seems that
he thought that the diagram should illustrate the calculations they
had done to solve the problem instead of representing the
experimental procedure (Fig. 2).
The exemplar report seems to have promoted the understand-
ing of what was required, thus he developed a suitable drawing of
the experimental setup in the report of the fourth task (Fig. 3): “I
have difﬁculty to do the diagram. But after seeing the diagram ofmy colleagues [exemplar report] I thought: Ah, that’s it!” (2nd
Interview).
Regarding the assessment criteria deﬁning clear and synthetic
objectives, initially Gustavo did not understand the meaning of the
word synthetic, but he only asked for a clariﬁcation after the ﬁrst
task, during the interview. Meanwhile, he assumed that the
objectives should be presented in an easily understandable way
[sentence 1], so the ﬁrst ones included deﬁnitions [sentence 2].
However, the clariﬁcation provided during the class discussion
(when the exemplar report was analyzed) seemed to have helped
him to understand what was expected, and in the following task he
proposed to write a short objective (not mixed up with the
deﬁnition of the concepts) [sentence 5]:
1. What did the teacher mean by synthetic? I thought that it meant
clear, in a way that it is well understood. Synthetic, I thought it
was also something related to that as well: properly under-
standable. (1st Interview).
2. I tried to put myself in the shoes of a person who didn’t know
about this and whether, if I read the objectives to a person who
did not know about the Avogadro’s law, would this person be
able to understand our objectives. (2nd Interview)
3. Student C—The objectives I present are consistent with the task
and are clear and synthetic [reading the higher level of the
rubric].
4. Student D—No, we have to say the approach, in other words, it is
more or less the answer to the ﬁrst question.
5. Gustavo—No, what is asked here, is only to say the objective.
Then here [referring to the conceptual framework] we should
say the rest. (3rd Task; 1st Session)
Another assessment criterion that was not initially understood
by Gustavo was the presentation of evidence to support the
conclusions. He thought that the conclusions should be drawn
through a plain analysis of the results [sentence 1 below]. And,
although the expectations about this criterion had been discussed
with him, it seems that the teacher and Gustavo had not reached a
common understanding because in the following reports he did
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considered that this assessment criterion had been successfully
operationalized [sentences 2 and 3]:
1. It means that it is about things that we can look and
immediately realize . . . we can immediately draw a conclusion
( . . . ). I thought that it was about being obvious. (2nd
Interview)
2. The conclusions I take are explicitly based on the ﬁndings: well, I
think we did that. (3rd Interview)
3. We tried to make explicit the results that we have found. (4th
Interview)
A similar situation happened with the explanation of how the
identiﬁed sources of error affect the results. Gustavo’s analysis about
the operationalization of this assessment criterion appeared that,
at the beginning, he had not completely understood what was
expected in order to apply it successfully, but at the end he showed
that he understood it:
Researcher—Did you explain the effect of each source of error in
your results?
Gustavo—[after reading his assignment] ( . . . ) I think we wrote
what the sources of error did. I believe so.
Researcher—You wrote that the sources of error caused
differences, but you didn’t write that because an amount of
water remained in the beaker, the ﬁnal temperature was higher
or lower than the predicted result.
Gustavo—( . . . ) We didn’t write how it did inﬂuenced . . .
Exactly. I get it. I agree.
Researcher—Does it mean that you hadn’t previously under-
stood this part, what does this mean?
Gustavo—Well, I understood, but I didn’t remember . . . we
didn’t remember to mention this, how it has inﬂuenced. We just
wrote that it inﬂuenced and what inﬂuenced, but no how . . .
Exactly, this is missing. (3rd Interview)
4.2.2. Strategies used in the operationalization of the assessment
criteria
Gustavo usually started by reading the higher level of quality of
the rubric and then he adopted several strategies to support the
operationalization of the assessment criteria, such as discussing
ideas with peers [sentences 1 to 5] and asking for help [sentence 6] to
achieve accuracy and completeness of some parts of the report,
especially those involving the data analysis. He sought not only to
get a correct answer, but also to understand the reasoning behind
it:
1. Gustavo—How do you calculate the molar mass?
( . . . )
2. Student D—Now you do: M equals four
3. Gustavo—Where did you get the four?
4. Student D—I saw it on the Periodic Table. Times one.
5.Gustavo—How do you know it is a one? (2nd Task; 1st Lesson)
6. Gustavo—Teacher, Gomes did it [the prediction of the results]
this way. But I don’t understand any of this. (3rd Task; 1st
Lesson)
Another strategy used by Gustavo was learning from errors. For
instance, the introduction of the reports became more complete
over time (containing the deﬁnitions of the most important
physical and chemical quantities):
Gustavo—I think a person also learns from mistakes, isn’t it?
( . . . )
Researcher—Give me an example.
Gustavo—An example? Here, in the introduction, for instance,
when you ask to explain what density is. The next time that I usedensity I will have to mention it in the introduction, giving a
detailed explanation.
Researcher—But, what if the report is not about the density,
what if it is about another matter?
Gustavo—If it is about another subject I will also ( . . . ) I gave
the example of the density. (1st Interview)
Concerning the scientiﬁc rigor, it seems that Gustavo also
learned from errors because some mistakes made in the ﬁrst
reports (to which feedback had been provided) were not repeated
in subsequent ones. For example, in the ﬁrst version of the report of
the ﬁrst task, Gustavo wrote: “Then we divide the value of the mass
by 10, in order to get the result in g/cm3” (R1_V1), without
mentioning the physical quantity that he was calculating.
Considering the written comment: “The result of what? What
physical quantity are you calculating?" (R1_V1), he added, in the
second version, the physical quantity that was being calculated
(the density). Furthermore, in both versions of the report of the
second task, Gustavo continued to indicate the physical quantity
instead of its unit: ’to calculate the molar mass’, “calculate the
molar volume” (R2_V1), “calculate the number of particles”
(R2_V2).
The organization of the tables improved as well. After a written
comment being made as feedback to the ﬁrst version of the report
of the ﬁrst task about the units that were registered in each row
(“The advantage of indicating the units here (in the column
heading) is not having to repeat it”), Gustavo began to show the
units only in the title of the columns in the following reports.
Gustavo also appealed to a critical interaction with himself while
he was developing the reports. Occasionally, he made suggestions
and changes in order to improve the scientiﬁc rigor, the writing and
the analytical accuracy:
This is the weight of the balloon. The weight of the balloon is
equal to 96 point 753 ( . . . ) Wait, what weight?! This is the
mass, not the weight. (2nd Task; 1st Lesson)
Because I started to do all the maths, but the numbers of the
results were a bit large. So, [I thought] what is going on here? It
is impossible to have a slide measuring 100 m. I saw that I had
forgotten to put in the square on the velocity in the kinetic
energy expression. ( . . . ) I was wrong many times. (4th Task;
3rd Lesson)
Gustavo also used his reasoning to deﬁne some words in the
conceptual framework (and did not search for information): “I used
my own words” ( . . . ) “Based on the name, I tried to . . . ” (1st
Interview).
Besides, in Gustavo performance sometimes prevailed the self-
imposed standards, which means that, despite understanding the
assessment criteria, Gustavo decided not to take into account some
of them because it made more sense to him to do the assignment in
a different way. This happened, for instance, regarding the
presentation separately of the data collection and the data
analysis, as well as, the synthesis of the objectives:
On the one hand, it is well done, but on the other, it is not well
organized, perhaps because all the collected data should be
together. But here, as we are showing some data and then doing
the calculation . . . If we had only presented the calculations
[separately], people could think: Okay, this is here, but where
did this data come from? ( . . . ). I think it’s better this way,
because it is sequentially done . . . but it is not so scientiﬁcally
correct. (3rd Interview)
Researcher—Synthetic means that it is something short and
direct.
Gustavo—Exactly.
Researcher—For instance, regarding the horizontal displace-
ment wouldn’t you have the opportunity to explain, later on, in
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Did the deﬁnition of horizontal displacement have to be
included in your objective?
Gustavo—It didn’t have to, but we thought it would be better if it
was there because, for instance, if the person who is going to
read, doesn’t know what it is ( . . . ) he/she keeps reading but is
still thinking about what it is. However, if we include it right
away, this person will know immediately what it is. ( . . . ) In my
opinion, it is more correct to write the deﬁnition immediately
after the word. (4th Interview)
In addition to the previous strategies, Gustavo tried to create a
favorable environment to the development of the report. He
suggested to do or to revise some parts of it, the ones that he
considered more difﬁcult or thought that were not as well done as
he desired, in a quieter environment and by taking more time:
The strategy we have chosen was to calculate the energy given
by the lemonade, as this is equal to the energy absorbed by the
cold water or the ice, isn’t it? I don’t think this is properly
explained. I have to see this at home. You have to send me this,
Duarte. ( . . . ) Now I don’t know what else to write. (3rd Task;
1st Lesson)
5. Discussion
In the two case study, students did not initially understand the
totality of the assessment criteria, apparently because of the
terminology that was used in the rubric and/or its high cognitive
demand. Although an initial discussion about the assessment
criteria happened in the classroom, the rubric descriptors were
not written collaboratively with the students, and the terminol-
ogy used was not always understood by them (e.g. presentation of
evidence to support the conclusions). The results show that both
students were not sure about the meaning of some words (e.g.
synthetic), but they usually did not ask for clariﬁcations.
Moreover, in spite of the feedback that had been given regarding
some criteria, Sara did not succeed (although she had shown
intention to consider it). The absence of a common understanding
about what was expected seems to be the reason for that. So, this
study, like that of Clark (2012), suggests that one of the biggest
difﬁculties in order to reach a common understanding is
translating assessment criteria into a language that students
can understand.
For both students, the analysis of the exemplar report seemed
to have a crucial role in the process of reaching a common
understanding, as previously suggested by Andrade, Du, and
Mycek (2010), as well as Hendry et al. (2012). Seeing the
operationalization of those criteria seems to contribute to the
students understanding of the teacher’s expectations.
In order to operationalize the assessment criteria, students used
some strategies: discussing with peers and searching for help,
collecting information from available sources, learning from
mistakes, critical interaction with themselves and creating a
favorable environment, although some differences were found.
Sara, who is insecure, was not usually easily satisﬁed with her
suggestions, so she frequently revised them. Furthermore, she
often asked teachers and her peers for help in order to validate her
ideas, and she searched for information. Wanting to achieve high
marks but seeming to be afraid of taking risks (to fail), Sara
sometimes transcribed the information with “guaranteed” quality.
Gustavo, who is more conﬁdent and not as committed to achieve
high marks as Sara, rarely searched for information and instead
used his reasoning to accomplish the assignments.
Another important difference is that the primary concern of
Sara seems to be to reach the teacher’s expectations, even if shedoes not completely understand or agree with the teacher’s
suggestions. However, Gustavo appears to be concerned with
understanding the reasoning behind the criteria. His attitude
shows that his work must make sense to him. This seems to justify,
the tensions between the self-imposed standards and the
assessment criteria that sometimes emerged throughout the
study, as previously found by Andrade and Du (2007), Santos
and Gomes (2006), and Semana and Santos (2010). Gustavo,
seemed to need to identify a clear advantage in developing the
assignments in a way that opposed his own quality criteria,
otherwise he would consider his self-imposed standards (giving
arguments for this procedure). However, Sara seemed to try to
understand the “rules of the game” (Hadji, 1989) and to act in
accordance with them. This is an aspect that several authors (e.g.
Nicol & Macfarlane-Dick, 2006) have referred to—assessment
criteria must be considered important by students in order to
prevent them from acting in a certain way just to please the
teacher. So, the tension between the self-imposed standards and
the assessment criteria and the way this tension decreases reﬂects
a complex process of internalization of assessment criteria
(Andrade & Du, 2007).
In the light of the above, it seems that the way students
operationalize the assessment criteria is more related with the
students proﬁle than with their average performance in the
subject. Furthermore, there was a progress regarding the
operationalization of most of the assessment criteria. However,
some difﬁculties remained about some of them, which suggests
that certain assessment criteria are more difﬁcult to internalize
than others.
Regarding the role of the pedagogical approach used for the
internalization of the assessment criteria, the use of the rubric
was important to guide the students, since they usually started
by reading the highest-level descriptor of each section when
they were doing the report. The use of former reports (with the
written feedback) was conducive of learning from mistakes as
previously reported (Santos & Gomes, 2006). This study, as well
as that of Andrade, Du, and Mycek (2010), also suggests that the
analysis of the exemplar report helped students to understand
what was required from them. But one of the students (Sara)
used the exemplar, as well as the former reports, to copy the
layout and terminology (Hendry et al., 2012). The fact that this
disadvantage was only evident in one of the case studies
suggests that a mechanistic approach is more likely to arise
when students are afraid of making mistakes and therefore look
for models to copy.
The interaction between students helped mainly the overcome
of difﬁculties in operationalizing the assessment criteria. Feed-
back, besides that, also favoured the identiﬁcation of mistakes and
omissions and the production of an improved version of the
original assignment.
6. Concluding remarks
This study emphasises that understanding the assessment
criteria is a complex process mainly because the terminology and
the logic behind the subject and the teacher are usually different
from the students (Nunziati, 1990; Vial, 2012). In order to
operationalize the assessment criteria, students used strategies
stemming from the social context (teacher, peers and other
didactic sources) as well as from their individual experience (errors
made, engagement in critical thinking and creating a favorable
environment). The ways and frequency of how these strategies
were used were variable and related to the students’ proﬁle,
evidencing the relation between different components of self-
regulation—cognitive, affective and social.
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internalization of the assessment criteria, it seems that the
exemplar report was crucial for the understanding of the
assessment criteria that had not been previously understood (in
the initial discussion). But all teachers’ interventions (discussing
the assessment criteria, using the rubric, giving feedback,
discussing an exemplar report and promoting dialog between
peers) seem to have played a role in the operationalization of the
assessment criteria (guiding the students, helping them to
overcome difﬁculties and to learn from mistakes). However,
notwithstanding the pedagogical approach been used to promote
the internalization of the assessment criteria, this process proved
to be complex (Andrade & Du, 2007), requiring continuity over
time, even for high school students (with extensive experience in
the school).
It should be highlighted that in this study researchers
managed to guarantee the application of essential conditions
to promote learning through assessment: an environment where
students felt that mistakes are learning opportunities, using
complex cognitive tasks and transparency of assessment criteria (
Segers, Dochy, & Cascallar, 2003). Researchers intentionally
sought to promote favorable conditions for the development of
self-regulation (Wiliam, 2011), stimulating higher-level cognitive
learning.
One of the limitations of this study was that, despite the
awareness that the participation on this study would not inﬂuence
their grades, students may have not shared all of their perceptions,
emotions and opinions because the researcher (and interviewer)
had been their teacher on the ﬁrst year of collecting data. However,
we consider that this double function (teaching and researching)
did not have repercussions for the validity and reliability of the
ﬁndings because the interactions between the teacher/researcher
and students were based on conﬁdence. We strongly believe that
students felt comfortable sharing their feelings.
Some of the terminology used in the assessment criteria was
difﬁcult to understand, and even though the teacher and the
students seemed to have reached a common understanding, the
progress regarding the operationalization of those criteria had not
always been consistent over time. Therefore, we suggest that
further research should include analysis of the potentialities of
writing the rubric’s descriptor collaboratively with the students or
asking them to: i) re-write the descriptors (using a familiar
terminology); ii) take some notes after the discussion about them
or; iii) underline the place where each assessment criteria is
applied in the exemplar report and highlight the characteristics
that show the quality of its operationalization.
Finally, as the methodology used in this study does not
enable statistical generalization of the results, further researchshould extend this work to students of other years and levels,
with different characteristics, and include additional tools of
learning/assessment, as well as additional subjects. Nonethe-
less, the in-depth analysis of the two cases contributed to
deepen the knowledge on students’ internalization of assess-
ment criteria.
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Appendix A. —Students’ Guidelines for the Third Task
Summer is coming and a fresh lemonade would be great! Have
you ever thought about what is more efﬁcient for cooling the
lemonade: liquid water at 0 C or ice at 0 C?
To get an answer to this question you have water at room
temperature instead of lemonade and also water and ice at about
0 C.
1. Which processes (adding water at 0 C or ice at the same
temperature) will be more efﬁcient for cooling lemonade?
Justify your prediction.
2. Plan an experimental work in order to answer this problem.
3. Predict what will be the equilibrium temperature of water after
adding some mass of water at about 0 C. Justify your prediction.
4. Predict what will be the equilibrium temperature of water after
adding some mass of ice at about 0 C. Justify your prediction.
5. Perform the experimental work that was planned and discussed
with the teacher. Note: You must break the ice and put it in a
glass with water in order for the temperature of the inner ice to
homogenize at 0 C.
6. Compare the results with the initial predictions and discuss it.
7. What changes do you suggest to cool the water more efﬁciently?
8. How would you answer now to the question that guided your
work?
Appendix B.
See Table B1.
Table B1
Rubric for Inquiry Reports.
Section Level 1 2 3 4
Items
Introduction Objectives The objectives I present
are inconsistent with the
task
The objectives I present are
consistent with the task but
are not clear
The objectives I present are
consistent with the task and are
clear
The objectives I present are consistent
with the task and are clear and synthetic
Scientiﬁc
concepts
related to the
experiment
I refer to the scientiﬁc
concepts related to the
experiment, but don’t
explain them
I refer to the scientiﬁc
concepts related to the
experiment and explain
them partially or give
shallow explanations
I deeply explain all the scientiﬁc
concepts related to the
experiment
I deeply explain all the scientiﬁc concepts
related to the experiment and justify their
importance to the task
Planning Strategy The strategy I choose is
not adequate to the
objectives
The strategy I choose is
adequate to the objectives
I present the strategy I
choose with few details
I present the strategy I
choose with a detailed
description
I present the strategy I choose
with a detailed description and
explain my choice. I give
justiﬁcation for each step of the
task.
I present the strategy I choose with a
detailed description and explain my choice
and the reasons I give up others. I give
justiﬁcation for each step of the task.
Expected
results
I outline the expected
results, but do not provide
logical reasoning for it
I outline the expected results
and provide logical
reasoning for it
Procedure Task
development
I describe only a few steps
of the task
I describe most of the steps
of the task
I describe all the steps of the task
Drawing of
the
experimental
setup
I illustrate the procedure
but the diagram is not
completely adequate
I illustrate the procedure
with an adequate diagram
I illustrate the procedure with an
adequate diagram, correctly
identiﬁed with title and labels
Results Data
collection
I present some collected
data (measurements/
observations)
I present most of the
collected data
(measurements/
observations)
I present all the collected data
(measurements/observations)
Data is reported with
frequent inaccuracies
Data is reported with few
inaccuracies
Data is accurately reported
Data analysis I analyze some of the
needed data
I analyze most of the needed
data
I analyze all the needed data
Data analysis has frequent
inaccuracies
Data analysis has few
inaccuracies
Data analysis is accurate
Conclusions Conclusions The conclusions I take are
not consistent with the
results
The conclusions I take are
consistent with the results,
but there are no references to
the appropriate ﬁndings
The conclusions I take are
consistent with the results and
they are explicitly based on the
ﬁndings
Limitations I compare the ﬁndings
with the expected results
and suggest possible
errors, not indicating their
source
I compare the ﬁndings with
the expected results,
presenting errors and
indicating some of their
probable sources
I compare the ﬁndings with the
expected results, presenting
errors, indicating their probable
sources and their effect in the
results
I compare the ﬁndings with the expected
results, presenting errors, indicating their
probable sources and their effect in the
results. I suggest alternative procedures to
minimize them
Learning
outcomes
I describe incompletely
what I have learned
I explain synthetically what I
have learned
I explain what I have learned
with detail
Each section of the report (introduction, planning, procedure, results, conclusions) shall be analyzed concerning the organization, grammar, spelling and scientiﬁc style:
Category 1 2 3
Organization I present texts, calculations, tables, diagrams and
graphics in an unorganized way
I present texts, calculations, tables, diagrams and
graphics in a reasonably organized way
I present texts, calculations, tables, diagrams
and graphics in a very organized way
Grammar and
spelling
There are frequent grammar and spelling mistakes There are few grammar and spelling mistakes Grammar and spelling are correct
Scientiﬁc style Scientiﬁc terminology has some inaccuracies Scientiﬁc terminology has few inaccuracies Scientiﬁc terminology is accurate
It shall be done a holistic analysis of the report concerning the structure and the presentation.
Category 1 2 3
Structure and
presentation
The report does not follow the
proposed structure
The report follows the proposed structure, but different
sections are not easily distinguished
The report follows the proposed structure and different
sections are easily distinguished
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